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ABSTRACT
Background Data: Anterior cervical discectomy and fusion (ACDF) has been the standard treatment
for degenerative conditions of the cervical spine. Since the introduction of the procedure in the fifties,
ACDF has become quite popular and a gold standard procedure. Autologous iliac crest bone grafts were
used for fusion with associated drawbacks that mandated the introduction of new metallic substitutes
with various fillers. Many improvements and enhancements to these cages were implemented with rising
controversial issues.
Purpose: To review the available data of cervical cages and the recent status of ACDF using standalone
cages.
Study Design: A narrative literature review.
Patients and Methods: We reviewed the English literature through the last two decades for the most
up-to-date available data of the cervical cages and reported the current status of ACDF outcomes using
standalone cages. We ran a search using PubMed, Cochrane, and Google Scholar using different relevant
keywords and extracted the most relevant researches according to our study aim. We focused on special
titles that we thought were most relevant to the spinal surgeon’s daily practice.
Results: A great number of cervical cages with different shapes and designs are available for ACDF.
Spinal surgeons are confronted with a huge array of cervical cages introduced every day by many medical
industry competitors. Clinical and radiological outcomes are generally very satisfactory regardless of the
type and material of cages used. Composite or titanium-coated PEEK cervical cages and 3D-printed and
porous titanium cages are under evaluation. Self-locking standalone cages showed great advancement
and development with promising outcomes.
Conclusion: ACDF is a well-established surgical technique in the management of cervical spondylotic
radiculopathy and/or myelopathy. Large numbers of cervical cages with different shapes, designs, and
compositions are available in the market with generally satisfactory clinical and radiological outcomes.
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Spinal surgeons should be aware of the available cervical cages and choose the most suitable to their
patient’s medical and socioeconomic status. New industrial technology has the potential to improve the
load-bearing surface, lower cage dislocation and subsidence, and osteointegration. Composite cages,
self-locking cages, and absorbable cages are fairly newly introduced cages and still under evaluation.
Multicenter long-term prospective randomized controlled trials are mandatory for obtaining first-class
evidence-based medical data on ACDF. (2020ESJ213)
Keywords: Cervical spine, Cages, ACDF, Standalone, Spondylosis, Cervical disc, Myelopathy,
Radiculopathy, Fusion, Titanium, PEEK, Iliac bone graft.

INTRODUCTION
Anterior cervical discectomy and fusion (ACDF)
has been the standard treatment for degenerative
conditions of the cervical spine including cervical
disc disease and cervical spondylotic myelopathy.
Since the introduction of the procedure by Smith
and Robinson (1958)166, Cloward (1958)47, Bailey
and Badgley (1960)14, and Simmons and Bhalla
(1969)163, ACDF has become quite popular with
generally good clinical outcomes (Figure 1).
Despite the introduction of simple anterior cervical
discectomy (ACD) by Hankinson and Wilson85
and recently motion-preserving disc arthroplasty
procedures, ACDF remains the gold standard
procedures especially for elderly patients.3,4,41
Autologous iliac crest bone grafts (ICBG) were
used for fusion; however, harvesting ICBG
was associated with problems such as pain,
infection, hematoma, neural injury, and fracture
iliac bone. To avoid these morbidities, synthetic
grafts or cages were introduced using carbon
fiber, ceramics, titanium (Ti), and polyether
ether ketone (PEEK). Different materials were
used to fill cages including hydroxyapatite (HA),
tricalcium phosphate (B-TCP), homologous bone
bank, demineralized bone matrix (DBM), or
even empty cages. The clinical and radiological
outcomes were generally good with some
problems including adjacent segment disease,
pseudoarthrosis, and subsidence.81 Improvement
in cages technology included 3D-printed cages,
anchored cages, self-locking cages, porous titanium
cages, and biodegradable cages. 5,2,203,170 With
increasing options and alternatives in this field,
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lots of controversial issues caught our attention
to the importance of demonstrating a global and
collective view of this subject.
In this review, we reviewed the literature to
demonstrate the most important controversial
issues with ACDF and highlighted the most upto-date data in this field to broaden the technical
and knowledge spectrum and armamentarium of
spinal surgeons.

Figure1. History of ACDF with iliac crest bone graft:
(A) Cloward dowel graft; (B) Smith–Robinson-based
rectangular graft; (C) Simmons–Bhalla keystone graft;
(D) Bailey–Badgley onlay strut.42

ANATOMICAL
CONSIDERATIONS
The cervical spine is probably the most distinct
spinal region, comprising 76 separate joints and
allowing for a range of motion more than any
other region in the spine.68 This region carries
unique anatomical and biomechanical features
that should be considered while performing cage
insertion. The typical cervical vertebra is almost
3
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rectangular in shape with a smaller anteroposterior
diameter than the transverse diameter (17.1 ± 0.2
and 15.2 ± 0.3 mm versus 24.6 ± 2.4 and 23.0 ± 2.4
mm in males and females, resp.). These dimensions
increase from C2 to C7, with more increase in
the transverse than the anteroposterior diameter
allowing for more support to the greater axial loads
at lower vertebrae.109 The sex- and level-related
differences in dimensions should be considered
when selecting the appropriate cage diameter to
be inserted. Similarly, the cage height is important
that must be selected carefully to achieve a proper
foraminal decompression without excessive
facet distraction. Facet joint distraction equal to
3 mm or more was associated with worse Neck
Disability Index (NDI) and pain Visual Analogue
Scale (VAS) following anterior cervical fusion
procedures.103
The superior and inferior surfaces of the vertebral
body are typically described as being saddleshaped. The superior surface is concave from
right to left (by the effect of uncinate processes)
but convex and sloping upwards from front to
back (by the effect of beveling of its anterior
aspect). On the contrary, the inferior surface is
convex from right to left but concave from front
to back where much of this concavity is created
by the anterior lip of this surface and is greatest
at C3 and C4, getting shallower as we go down
to C5 and C7.138 Anatomical cages are supposed
to be designed in such a way that respect these
surface characteristics. Typically, an anatomical cage
is slightly convex superiorly when seen from the side
and convex inferiorly when seen from the front. This
provides a better fitting of the cage for the disc
space with adequate coaptation at the implantendplate interface.
In a study exploring the effect of the cage design
that matches adjacent endplates on the subsidence
rate 63, the authors used a newly designed Ti
mesh cage with modified 2 endcaps. The upper
endcap of the new cage was convex superiorly in
an anterior-posterior fashion to better match the
inferior endplate morphology. The lower endcap
was sloping upwards and backwards with a 10o
4

angle that conforms to the shape of the adjacent
upper-end plate. After a minimum follow-up of
30 months, the authors found significantly lower
rates of subsidence, lower height loss at fused
segments, and lesser neck pain VAS with the newly
designed cages compared to traditional ones. This
concept may not apply to segments with higher
grades of disc degeneration where the vertebral
endplates undergo morphological changes due to
subchondral sclerosis resulting in their flattening
with osteophytes formation. In such instances,
the use of cages with more flat endplates may be
easier, achieving better implant-endplate surface
matching. The implant-vertebral endplate angular
mismatching was found to increase the incidence
of subsidence significantly for each 10-degree
increase in mismatch angle.126 It is a better practice
to meticulously select the cage morphology having
the best fit rather than to overprepare the vertebral
endplate for the available unfit cage. Trials to
lessen the mismatch angle by burring during
endplate preparation can result in a significant
loss of endplate integrity even with the removal of
as little as 1 mm of the endplate.40
Another important anatomic consideration is the
surface area of the cage that comes in contact
with the vertebral endplate, known as the cage
footprint. Both clinical and finite element studies
reported better performance of cages with larger
footprints due to the distribution of stresses over
a wider surface area of the endplate resulting
in lower subsidence rates and better clinical
improvements.162,173 The contribution of the cage
footprint area was reported to be 40 times greater
than that of cage material to subsidence.173
One more concern in cage selection is its lordotic
angle. It is generally recommended to avoid
fusion in regional or global kyphosis in patients
with cervical pathologies as this may enhance
adjacent segment degeneration.176,86 Kyphotic
fused segments worsen forward imbalance, thus
increasing the force required to maintain horizontal
gaze and the intradiscal pressures in adjacent
segments. 141 However, normal asymptomatic
cervical spines are not always lordotic. The
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cervical spine was found to take one of 5 distinct
sagittal profiles in significant proportions among
functioning asymptomatic individuals.175,79 The
sagittal alignments of cervical spines were not
significantly different when compared between
symptomatic and asymptomatic cohorts202, nor
were the pain scores among different cervical
alignment subgroups.71 This discrepancy may be
because the overall cervical alignment is not the
function of regional angle only, but rather the
contribution of both angular and translational
parameters, and is related to and affected by
the global spine balance. 178 These anatomical
and biomechanical facts should be kept in mind
during the preoperative evaluation for an adequate
personalized correction target for every patient.

PATHOLOGICAL
CONSIDERATIONS
The most prominent clinical manifestations
associated with cervical spine degeneration
are neurological compromise and pain. These
manifestations can be clearly explained and better
addressed by understanding the pathology of
cervical degenerative changes. Although cervical
degenerative changes can affect any element in the
cervical spine64, the disc and facet joint develop
the most clinically significant changes. The disc,
which is essentially an avascular structure,131,77
can perform nutrient-waste exchange primarily
via diffusion across the capillary beds in the
adjacent vertebral endplates.190 With aging, the
endplate calcification limits the nutrient-waste
exchange, resulting in the death of the inner disc
cells (nucleopulpocytes) and contributing to a shift
from tissue homeostasis to a state of catabolism
that further leads to disc deterioration.60 The
events triggering this catabolism are thought to
have a genetic basis or be related to unnoticed
subclinical injuries. 62,182 Concomitantly,
upregulation of proinflammatory cytokines
including TNFα, IL-1β, and IL-6 occurs within
the disc, promoting further loss of native cells
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and replacement with fibroblast-like cells.60 This
results in reduced production of the hydrophilic
proteoglycans and gradual disc desiccation that
shifts the biomechanical loads from the nucleus
pulposus to the annulus, whose yield strength is
being concomitantly lowered by the secondary
upregulation of matrix metalloproteinases by
resident cells of the disc.150
This combined reduced strength with load shifts
puts the annulus at risk of fissuring with subsequent
nucleus herniation causing potential root and cord
impingement. Moreover, desiccation of the disc
reduces its height, resulting in foraminal narrowing
that adds to root compression. These load shifts
not only affect the annulus and disc height but also
affect and induce parallel degenerative changes
in both the uncovertebral (UVJ) and facet joints
(FJ). The UVJs develop osteophytic spurring that
project laterally to impinge surrounding structures
including the nerve root, spinal cord, radicular
artery, vertebral artery, and cervical sympathetic
trunk. 119 Similarly, the FJs, which normally
provide load-bearing support and stabilize the
spine during flexion-extension and axial rotation,
become subjected to more load-bearing stresses
that induce degeneration and destabilization of
the joints.64 These degenerative changes include
the following: joint-space narrowing, osteophyte
formation, and subchondral sclerosis like any other
diarthrodial joint resulting in further foraminal
stenosis, canal narrowing, and limited mobility.181
Adding the associated ligamentous redundancy
and buckling to these effects, the final outcome
is the progressive neural compromise associated
with degenerative cervical spondylosis. All these
changes should be put into consideration and
addressed during decompression/fusion surgeries
of the cervical spine.
Pain, another hallmark associated with cervical
spondylosis, occurs due to various factors.
The discogenic component of pain is a result
of structural failure of the disc and annular
fissures producing mechanical stimuli that lead
to peripheral sensitization.29 Pathological studies
of discs of patients suffering from discogenic
5
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pain also revealed zones of extensive vascular
and neural ingrowth from outer annular layers
into the nucleus pulposus along torn fissures.31
These annular and nuclear nociceptive nerve
fibers become sensitized by the cytokine
environs inside the degenerated disc contributing
to the development of pure discogenic pain
syndrome.67,23 Similarly, the FJs innervated by
nociceptive fibers and their degeneration in the
context of disc degeneration make them a putative
source of cervical pain.95 Moreover, other factors
such as central sensitization and distortion of
surrounding soft tissues, including ligaments and
muscles, have been suggested as potential sources
of pain.181 These sources of pain should be dealt
with during the stabilization/fusion techniques
including adequate removal of disc remnants,
proper stabilization, effective fusion techniques,
and achievement of optimal alignment.

CAGE MATERIAL
Since the use of autografts in cervical surgeries
in the 1950s to replace disc material and promote
fusion, several steps have been taken to introduce
new materials into the field of cervical surgeries
as follows: starting with stainless steel cages in
the 1960s, passing through Ti and alloys in the
1980s, reaching the carbon fiber PEEK and silicon
nitrides in the 1990s, and finally the introduction
of the nitinol, cobalt-chromium-molybdenum, and
tantalum implants in the 2000s.148 When interbody
spacer reaches the optimal bone integration, it aids
the fusion process and limits complications such
as subsidence and pseudoarthrosis. Cage materials
selection is based on how they effectively promote
osteoconduction and osteoinduction and facilitate
early biological fusion between endplates.108,124
During the last 20 years, PEEK and Ti have been
the most common materials for cervical cages.
However, in unprocessed forms, both materials
are not highly bioactive. Consequently, surface
compositions are used to improve bioactivity and
enhance osteointegration with the body.88,132
6

Ti is a highly biocompatible material in spine
surgeries due to its strong nature, resistance
to corrosion, and less density.147 In contrast to
natural bone, Ti has a higher stress load around
the implant site leading to higher rates of
subsidence, bone atrophy, and failure.152,15 Also
due to its radiodensity, it is difficult to assess
fusion after using Ti implants. Modifications to
Ti-based implants are processed mainly on their
surface, to enhance the osseointegration and boneimplant fusion. The increase in porosity areas in
Ti implants allows for bone growth within the
implant.116 Hydroxyapatite coatings to Ti implants
improve the ontogenetic effects during the fusion
process. De Groot et al.75, in their study, concluded
that HA-coated Ti implants combine the best of
the two materials.
While Ti enhances osteointegration and cell
adhesion, PEEK, being chemically inert, lacks
that ability. Due to the high modulus elasticity of
Ti (which far exceeds that of bone), it provides
long-term stabilization with rigid support. As
PEEK’s modulus is the same as that of cortical
bone, postoperative assessment of continuity
and fusion is much easier than that with Ti. In
addition, Ti carries a higher risk of subsidence and
metal allergy.161
Recent cages have been designed in such a way
that promotes osseointegration and fusion by
modifying cage surfaces. Plasma beam and
electron spray techniques are used to increase the
surface roughness of Ti cages and its alloys,148
which was found during in vitro studies to
be associated with an elevation in alkaline
phosphatase and total protein levels, thus
increasing osteogenic cell differentiation.152 On the
other hand, the elastic modulus of PEEK cages
are close to that of bone66, which helps decrease
the stress shielding and promote bony fusion.184
Additionally, the radiolucency of PEEK cages
allows for better fusion assessment and better MRI
compatibility. Trials to combine the improved
bioactivity of Ti135 with the elastic modulus and
radiolucency of PEEK resulted in the creation
of composite Ti/PEEK cages thought to have
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enhanced biological properties.84 The clinically
available composite cages with PEEK bodies
and Ti endplates can augment the bone-implant
fusion. Similarly, composite cages combining
beta-tricalcium phosphate (beta-TCP) to make
use of its osteoconductivity with a plastic material
like lactic acid polymer (PLLA) resulted in the
creation of a resorbable cage that has an elastic
modulus close to the natural cortical bone with a
high breaking strength, higher ability to tolerate
plastic and elastic strain compared to pure TCP,
and better osteogenic properties.13 The results of
its clinical use were promising, with long-term
fusion, no loss of correction, and no inflammatory
reactions.51 Probably, the future will witness more
use of these composite cages than pure materials,
making use of the bioactivity of different materials
in one construct.
A meta-analysis compared the results of 107 and
128 patients in the PEEK cage group and Ti cage
group, respectively, and concluded that there
was “no significant difference in functional and
radiographic performance” between both cages.
However, they noted a higher subsidence rate
with the Ti cage group.115 Another meta-analysis
compared the results of 182 and 228 patients in the
PEEK cage group and Ti cage group, respectively,
and demonstrated the same results, although the
Ti group was “associated with an increased risk of
subsidence.”161 Chou et al.42 compared the results
of 55 patients who underwent ACDF using Ti
cage (N = 27), PEEK (N = 9), and tricortical iliac
crest graft (N = 19) and concluded that both PEEK
cages and iliac crest grafts “yielded similar fusion
rates,” while Ti was associated with a higher
complication and a lower fusion rate.
The Brantigan cage, introduced early in the 1990s
by AcroMED, had been widely used in the spine
field.27 It is made of biocompatible, radiolucent
material; when reinforced with carbon fibers
and engineered in a specific design, it mimics
the structure of cortical bone graft. 147 PEEK
was thought to be a breakthrough in the field
of implants to overcome the drawback of Ti,
especially stress shielding. However, Pelletier et
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al. concluded that there is no difference between
PEEK and Ti in the biomechanics of animals.142
Sagomonynats et al.155 favored PEEK for bone
growth in vitro compared to Ti; however, OlivaresNavarrete et al.135 concluded the opposite. Wu et
al.195 manufactured Ti-PEEK composite implants
and concluded a double bone volume when
compared to standard PEEK implants. Han et
al.84 had improved cellular proliferation with TiPEEK implants.
In a 5-years follow-up study, Marotta et al.122
reported the outcomes of 167 patients who
underwent ACDF using carbon fiber cages
filled with HA and reported a good fusion rate
in accordance with the literature and a 13%
nonfusion rate without clinical significance. Zhou
et al.204 compared standalone PEEK cage versus
tricortical iliac bone graft and plate and reported
that PEEK is a good substitute that restores curve
and disc height and facilitates fusion follow-up.
Chen et al.39 compared Ti versus PEEK cage in
3-level ACDF with more than a 7-year follow-up
and reported that PEEK is superior to Ti in the
maintenance of disc height and cervical lordosis
with better clinical outcomes.

CAGE SUBSIDENCE
ACDF was first introduced in the 1950s and
autologous osseous grafts were used then to
preserve the intervertebral height and promote
fusion between adjacent vertebrae.24 However,
multiple complications have arisen from this
technique such as graft collapse and harvested
graft site complications such as iliac crest,
pseudoarthrosis, and cage subsidence.36 These
complications have been the step for the invention
of synthetic cervical implants. Made up of stainless
steel, polymethyl-methacrylate (PMMA), Ti, and
PEEK, cages were used in ACDF surgeries. It
was hypothesized that these synthetic material
cages will preserve the intervertebral height
and improve fusion, consequently overcoming
autologous graft complications.121 The main aim
7
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of the intervertebral cage is to advocate segment
immobilization and maintain foraminal patency.
Subsidence of cages on the other hand affects these
aims dramatically, promoting pseudoarthrosis and
nearby osteophytes formation, finally leading to
segmental kyphosis and root compression.180 To
confirm the occurrence of cage subsidence, it is
stated that a loss >3 mm of intervertebral height
compared to the direct postoperative image at the
final follow-up visit has to be reported7 (Figure 2).
The mean incidence of cage subsidence is 20.2%.133
Subsidence has a direct proportion relation with
axial load pressure and inverse proportion relation
with cage area of interface with the endplate.83
Etiology of cage subsidence has not been well
established, but several hypotheses have been
published. Borm et al.26 suggested that subsidence
is a natural process of fusion itself between bone
resorption and remodeling. Some surgeons have
correlated cage subsidence with cage material,
especially Ti cages.34,39 Endplate damage or poor
surgery could be directly correlated with cage
subsidence but yet to be confirmed.201 Multiplelevel ACDF, more than two levels, and lower
cervical level surgeries had higher rates of
subsidence.18,99 Bone pathologies like osteoporosis
could be a risk factor of subsidence occurrence.199
Finally, cervical cage subsidence is less likely to
affect the general alignment of the cervical spine,
but it affects the neural foramen.99 There are
several hypothesized techniques to decrease the
incidence of cage subsidence. Igarashi et al.94 in
a prospective study proposed that the greater the
cage height, the higher the risk of subsidence in
cervical fusion. They also proposed that PEEK
cages are better to preserve intervertebral height
than Ti ones. Yang et al.200 in their study have
found that the larger the AP diameter with no
intraoperative anterior overdistraction , the less
likely the occurrence of subsidence. Xu et al.196
also discovered that cage with plate or iliac graft
with plate has lower subsidence rate than cage
alone or iliac graft alone. Finally, the cage or graft
intended for fusion must cover most of the surface
8

area of the intervertebral space to decrease the
incidence of subsidence.83

PSEUDOARTHROSIS
In their systematic review, Oshina et al.136 reported
that the most common fusion criteria, bridging
trabecular bone between end plates, and absence
of a radiolucent gap between endplates and graft,
are subjective (Figure 2). They recommend using
<1 mm of motion between the spinous processes on
dynamic X-ray to confirm fusion. Pseudoarthrosis
is the failure of fusion after spinal fusion surgery.163
It accounts for 50% of revision spinal cases.118
Zhu et al.205 reported that 62% of complications
of ACDF cases are pseudoarthrosis. Although
the true incidence of pseudoarthrosis is not well
established yet, it is estimated in the literature that
30% of cases may pass asymptomatically.118 With
more intended fusion levels, fusion becomes very
challenging, and the more caudal the levels, the
higher the risk for pseudoarthrosis. This is due to
the increased axial load and stress applied between
the graft and vertebral body.25
There are several factors hypothesized to address
the pseudoarthrosis problem. Age is of great
importance as younger patients are at high risk
of symptomatic pseudoarthrosis, possibly due to
the increased activity and greater expectations
on the implants used.25 Smoking is one of the
strong factors associated with pseudoarthrosis,
which was proved to be an independent factor
in literature. 90 Patient comorbidities such as
diabetes, hypertension, osteoporosis, and other
chronic debilitating illnesses are associated with
pseudoarthrosis.25,118,146
A meta-analysis showed that plate fixation
improved fusion in single- and multiple-level
cervical fusion surgeries.65 Recombinant human
bone morphogenetic protein-2 (rhBmP-2) has
shown slight superiority over autografts in fusion
in one prospective study.33 Aside from clinical data
to suspect pseudoarthrosis, the lack of radiological
evidence of fusion is the key for the diagnosis,
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that is, the absence of bridging trabecular across
the fused levels on static radiographs, excessive
motion on dynamic lateral radiographs, and thincut MSCT scans, which have a more advanced
role in identifying the fusion state.
Pseudoarthrosis is diagnosed if a radiolucent
gap across the fusion levels is found.73,11 The
diagnosis of pseudoarthrosis is very complex and
is controversial. When patients have persistent,
recurrent, or new neurological symptoms or
pain, the surgeon tends to seek a firm diagnosis
for this condition. Several methods of dynamic
cervical radiography were hypothesized to have
an objective diagnosis for pseudoarthrosis. In
Simmons’ method, 2 fixed points on the anterior
surface of the superior and inferior vertebral
bodies are marked, then the lines are passed
through them in the dynamic views. When the
angle subtended via these lines is more than 2
degrees in extension, nonunion is diagnosed.164 In
Hutter’s method, both flexion and extension films
are put together and motion is detected between
the 2 films.93 Moreover, in this method, the motion
of the spinous process is observed; however,
it may enlarge the overall motion and bias the
fusion. Multislice CT offers an advanced modality
in diagnosing pseudoarthrosis. Especially in
cases of locked pseudoarthrosis when the graft is
fused with the adjacent intervertebral bodies but
fails to fuse within the cage. MSCT shows solid
proof of fusion; however, it has limited abilities
when devices contain metallic components.
In a prospective study, MSCT was statistically
significant in correlation with intraoperative
findings compared to dynamic radiographs.30 Lin et
al.117 in their review reported that no single method
is perfect for the diagnosis of pseudoarthrosis
and using dynamic lateral cervical films in 150%
magnification. If the interspinous motion is
<1 mm and superjacent interspinous motion is
≥4 mm, fusion is confirmed. In ambiguous cases,
MSCT scans are superior in evaluating extragraft
bone bridging with the highest sensitivity and
specificity diagnostic criteria of pseudoarthrosis.

Egy Spine J - Volume 35 - July 2020

The management of pseudoarthrosis depends
on clinical conditions, comorbidities, and other
factors. The revision surgery is mainly indicated
when pseudoarthrosis is accompanied by clinical
findings. The aim is to ensure proper arthrodesis.
Other factors need to be addressed such as
smoking, obesity, osteoporosis, and malnutrition
before aiming directly for revision surgery. 25,11
Lee et al.113 studied the fate of pseudoarthrosis
one year after ACDF and reported that those
patients may be observed because approximately
70% of them will eventually fuse by 2 years. They
recommended early revision if pseudoarthrosis
was associated with considerable neck pain.

Figure 2. Lateral cervical radiographs showing (A) C5/6
ACDF with sound bone fusion and bone formation
in and around the cage; (B) C6/7 ACDF with sound
bone fusion and cage subsidence; (C) C5/6 ACDF with
pseudoarthrosis and lucent line in and around the cage.

ADJACENT SEGMENT
DISEASE
Adjacent segment disease (ASD) is believed to
occur secondary to altered spine biomechanics
after fusion surgery. It is believed that
supraphysiologic motion over the adjacent mobile
segments is associated with increased stress and
increased intradiscal pressure. This increased
load on mobile segments either cranial or caudal
by the fusion segment is being investigated
to be the cause of ASD.191,38 ASD is observed
radiologically in 50% to 60% of patients with
prolonged follow-up periods,179,69 whereas the
9
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prevalence of symptomatic ASD ranges from 7%
to 15%.70,43,89,91 Following cervical fusion, 5.6%
of symptomatic ASD patients required a second
surgery. Furthermore, young males tend to receive
a second revision surgery due to ASD more than
older females.193
The stepladder process of ASD formation
following cervical arthrodesis is the formation
of osteophyte spurs that may initially form a
degree of stabilization to the excessive motion
on the adjacent segments followed by anterior
longitudinal ligament calcifications and disc space
narrowing. The site of osteophytes plays a key
role in the clinical presentation if it is anterior
or anterolateral neurological symptoms. Motionpreserving devices implanted after cervical
discectomy may help to preserve the motion
segment and thus diminish the ASD formation;
however, up till now no strong evidence supports
this hypothesis.151
Even though ASD may be caused by various
risk factors such as surgical maneuver, age, and
comorbidities. Studying the risk factors and
etiologies of ASD is challenging because ASD
usually takes a long period of time to occur and
long-term follow-ups are not available in many
places. Literature can identify patients with ASD
as those who had to undergo second revision
surgery due to ASD; however, it cannot identify
those asymptomatic or radiologically proved
to have ASD.58 In a prospective study, scientists
performed magnetic resonance imaging (MRI) for
the patients preoperatively and then another one
is done in a short follow-up period with a range
of 10–48 months; they radiologically discovered
an accelerated degenerative change to the adjacent
vertebrae in 75% of patients. This could prove
that cervical fusion surgery accelerates the rate of
degeneration to the adjacent levels.107
Many risk factors have been hypothesized to be
causes of ASD following cervical fusion surgeries.
There was a higher incidence in multilevel surgery
than a single-level surgery.46 Other studies have
hypothesized the absolute contrary that singlelevel surgeries have a high possibility of ASD
10

incidence compared to multilevel fusion. 192
Some surgeons have regarded ASD to surgical
technique, as annulus puncture during the leveling
process, plate proximity to the adjacent endplate,
and poor alignment after fusion surgery. Different
studies have reported that cervical plates should
be at least 5 mm away from adjacent disc space
as there is strong evidence that proximity to disc
space increases the possibility of ASD.140,102,16 To
reduce the incidence of ASD, Alhashash et al.8
recommended restoration and preservation of
the sagittal profile of the cervical spine during
cervical spine surgery. The only independent risk
factors found in the literature were young age and
patients with psychiatric disorders. Those were the
higher group who required a second surgery due
to ACDF.55

CAGE FILLERS
Filling cages with materials to facilitate the fusion
process has been the gold standard procedure
decades ago. Autologous bone has been used widely
to fill cages due to its availability, biocompatibility,
and ability to provide a mixture of properties such
as being osteoconductive, osteoinductive, and
osteogenic. However, autologous bone supply is
usually limited on many occasions due to graft
site morbidity and bone diseases limiting the use
of autologous bone. It was mandatory to seek
a different substitute to the autologous bone to
facilitate the fusion process.98
Chang-Jung et al.37 used xenograft to fill PEEK
cages and reported that a cage incorporated with
xenograft prevented donor site and provided
successful fusion. Sugawara et al. 172 used
B-TCP- and HA-packed Ti cages and reported a
satisfactory fusion rate that was higher with B-TCP
in the early stages after surgery. Demineralized
bone matrix (DBM) is processed from the human
allograft bone. It is osteoconductive with little
osteoinductive ability. In combination with PEEK
cages, DBM represents an acceptable replacement
to the autologous bone.9,53,128 Park et al.139 used
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PEEK cages with DBM and reported satisfactory
results similar to literature data.
Ceramic, a material that has been used along
with interbody devices, works as a scaffold to
assist bone growth along with its osteoconductive
property. Its low shear strength limits its use as a
standalone substitute that needs to be added to
autologous bone or bone marrow aspirate. Ceramic
materials in spinal fusion use are as follows:
B-TCP, calcium sulfate, hydroxyapatite (HA),
B-calcium pyrophosphate (B-CPP), and silicatesubstituted calcium phosphate (Si-CaP). B-TCP
showed good results in cervical radiculopathy
and myelopathy patients and good fusion results
later in follow-ups.50 B-TCP showed superior
results over HA in fusion in 6-months and 1-year
follow-up; however, both results were similar in a
2-year follow-up.6 Studies showed similar results
with autologous bone grafts.56,57 HA is made from
corals, which are inert materials and have similar
properties to ceramic; in a previous study, HA was
demonstrated to be inferior to autologous iliac
crest grafts structurally, whereas their fusion rates
were nearly equal.123
Calcium sulfate when mixed with bone marrow
aspirate showed good fusion results but strong
evidence to support the use of calcium sulfate is
yet to be published. Si-CaP is a newer ceramic
subclass and generally raises the negative charge
on the ceramic scaffold, thus allowing for more
osteoblasts to be attracted to the fusion surface, and
has high resorption rate than HA.189,80 Nagineni et
al.130 and Jenis et al.97 reported 90% to 76.5% fusion
rates with Si-CaP. B-CPP is also a newer class of
ceramic with rapid fusion rates in animal studies.
When it is used alone or mixed with autogenous
bone grafts, it is considered to be a good substitute
for bone grafts, and it is biocompatible and
osteoinductive. 156 Bone morphogenic proteins
(BMPs) are osteoinductive products, related to
transforming growth factor beta (TGF-B). There
are approximately 20 types of BMPs: rhBMP-2
and rhBMP-7 are widely studied and used. BMPs
are soluble proteins that spread and diffuse into
tissues. Basking et al.20 reported improvement in
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neck disability index and pain scores in the BMPs
group compared to the control group. Butterman
et al.33 reported similar results with iliac crest
grafts in ACDF. Despite the high advancement
in the field of bone substitutes, studies still lack
strong evidence for the selection of the autologous
bone alternative. Data is still limited for evidence
of superiority over the autologous grafts. Ceramics
are promising products, especially when combined
with bone marrow aspirate. Recently, stem cellbased products are being thoroughly and widely
studied.98
The role of bone substitutes in cervical arthrodesis
in comparison to empty cervical cages has
been under study and the available results are
controversial. Feng et al.61 performed a prospective
study to compare the results of fusion between
PEEK cage with bone substitute and empty PEEK
cages. Surprisingly, there was no statistically
significant difference in fusion rates between
the control and the study groups at 24-month
follow-up. This supports the use of empty cages
in cervical arthrodesis. Schils et al.157 compared
empty carbon fiber cages with tricortical iliac graft
and reported that both gave the same clinical and
radiological outcomes and avoided donor site
morbidity. An interesting study compared the
efficacy of empty PEEK with empty Ti-coated
PEEK cages in ACDF and reported that partial
PEEK coating does not improve fusion rate and
recommend a randomized prospective study with
fully coated PEKK cages.105

CAGE IN
SPONDYLODISCITIS
Although cervical spondylodiscitis has a rapidly
progressive course and carries mortality rates
of up to 21%158,185, there is no agreement about
the optimal timing and ideal surgical technique.
Given the improved imaging modalities, some
believe that early diagnosis can now be established
and recommend conservative management for up
to 6 weeks.167,21 On the contrary, others consider
11
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early surgical intervention followed by systemic
antibiotics to be the standard of care to avoid
neurological deterioration during antibiotic
treatment.48,143 Several reports found that cervical
infections were associated with faster neurological
deterioration than lumbar and thoracic infections,
justifying the early surgical intervention for tissue
sampling, debridement, decompression, and
stabilization.158,174,185,32
Several earlier concerns about the use of synthetic
implants in infection have been raised due to
the lack of antibiotic penetration, glycocalyx
formation, bacterial adherence, and immune
reaction.134,19 This concept justified the practice
of some authors who reported treatment of
their patients with cervical spondylodiscitis
and epidural empyema via anterior single-level
discectomy without the interbody implant or
bone graft, achieving spontaneous fusion in
all patients.129 Although being a cost-effective
strategy, this results in a reduction in disc space
height with subsequent foraminal stenosis. On the
other hand, several recent reports challenged this
concept and demonstrated a lack of association
between using PEEK and Ti implants and chronic
infections.106,186,32
Generally, management of spinal infections using
nonallogenic implants in thoracolumbar infections
preceded this practice in cervical infections with
the use of Ti implants before PEEK cages.59,106,154
However, during the last decade, several reports
demonstrated successful management of cervical
discitis using PEEK cages in single-stage
debridement and anterior fusion with eventual
bony fusion, inflammatory regression, minimal
change in alignment, and slight subsidence.127,186
The biomechanical properties of PEEK are
closer to the vertebral body owing to closer elastic
modulus to the natural bone, making it a good
choice for reconstruction and fusion particularly
in the setting of reduced bone quality like in the
case of spondylitis.87 The concerns with the use
of PEEK cages in infection are related to the
theoretical high potential for biofilm formation
compared to Ti. However, the current evidence
12

suggests that biofilm formation on the surface of
PEEK is similar to or less than other materials like
zirconia and Ti.82 In clinical setting, comparing
PEEK to Ti cages in management of pyogenic
spondylodiscitis in various spinal regions revealed
that the material of cage does not influence
radiological outcome or the risk of reinfection.160

POSTOPERATIVE
EXTERNAL ORTHOSIS
The use of a rigid cervical collar has long been
considered a standard of care following cervical
surgeries. In a questionnaire study exploring
the postoperative bracing patterns among spine
surgeons, most of the respondents reported
routine bracing of their patients for a period of
up to 3–8 weeks, with a more bracing tendency
among fellowship-trained surgeons and in
multilevel constructs. 22 However, despite the
reported increased chance of focal kyphosis and
disc space height loss in nonbraced patients after
anterior cervical fusions, the same results failed
to demonstrate any significant difference between
the collar and no-collar practice in terms of fusion
rates and clinical outcomes.96 Moreover, the shortterm use of cervical collars that was supposed to
help patients get through the initial postoperative
disability and pain1 was contradicted by other
studies that reported worse NDI scores of braced
patients at 2 and 6 weeks.35,137
On the other hand, the routine use of cervical collars
has documented drawbacks and complications.
First, the cervical collar is an additional cost that
may be high enough in certain types adding much
to the cost of the procedure.137 In the absence of
sufficient scientific evidence for the benefit of
postoperative bracing, this additional cost may not
be economically and ethically justified. Second,
swallowing and breathing discomfort, skin- and
wound-related complications, coughing, restricted
range of motion, residual pain, and muscular
atrophy are complications associated with collar
use.187,111 Third, the overlooked limiting effect of
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the cervical collar on daily routine activities and
socioeconomic impacts raises special concern.
Driving while wearing a cervical collar was found
to be associated with potential hazards, resulting
from an increase in the number of blind spots
in those wearing cervical collars, in addition to
a significantly restricted cervical axial rotation
causing suboptimal performance at intersection
traffic.17 Fourth, the theoretical biomechanical
benefit of cervical bracing was debated by the
neck pivot-shift phenomenon raised by Lador and
colleagues.110 In this cadaveric study, computed
tomography (CT) scans were used to measure
intervertebral movements in cervical spines
with induced unstable fractures. The authors
surprisingly documented an increase in the
craniocaudal and axial intervertebral motions in
the one-piece rigid cervical collar compared to
nonbraced cervical spines. This was explained
by the creation of pivot points at the sites of
contact between the collar and the mandible or
the shoulders, which caused a shift of the center
of rotation lateral to the spine worsening the
intervertebral motion and putting stress on the
cervical spine. These results were supported by the
biomechanical analysis of 9 prehospital extrication
techniques including conventional equipment
like short extrication jackets and neck collars to
determine the best technique causing minimal
deviation of the spine from the neutral inline
position. The results revealed that conventional
equipment-assisted extrication techniques were
associated with four times more cervical spine
motion than controlled self-extrication.54 Finally,
the close contact between the collar edge and neck
veins may raise some issues related to the possible
reduction of venous return and theoretically an
increase in intracranial pressure. A study by
Stone et al. reported a 37% increase in the jugular
vein cross-sectional area in healthy volunteers
after the application of cervical collars.171 This
explains a previous report that found an increase
in CSF pressure by about 25 mmH2O in a group
of patients undergoing lumbar puncture with a
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cervical collar in place compared to preapplication
of the collar.104
Given the documented drawbacks of cervical
collars and concomitant inconsistency in its clinical
benefits, various review articles and meta-analyses
were conducted to investigate the clinical benefit
of bracing patients after single- or double-level
ACDF.206,149 None of these studies recommended
the routine bracing of patients postoperatively
as no scientific evidence supporting this practice
was found. After highlighting the lack of evidence
supporting the use of collar following cervical
fusions, Demetriades and Tessitore 52 concluded
their “letter to the editor” by raising the following
questions: “What more do we need as a scientific
community before we universally incorporate this
into our practice? Is another RCT necessary? Is
this question still worthy of the rising costs of
running a trial nowadays?”

INNOVATIONS AND
FUTURE RESEARCH
The surgical practice has enormously changed
during the last few decades. The innovation
in technology and the combination between
bioengineering and the medical field has brought
to us the use of various technological procedures
like 3D printing (3DP) in the field of spine surgery.
The aim is to obtain and maintain excellence in
spine surgeries along with improving the safety
of the patients. Since its first introduction to the
world by Hull in 1980,92 3DP has evolved to reach
many fields of our daily practice. Medicine is one
of these fields. 3DP is a processing procedure
where materials such as metals, biological
materials, and ceramics are deposited in layers
to form a 3D structure based on a predefined
architecture. 3DP has different terminologies such
as rapid prototyping, solid free-form technology,
or additive manufacturing.76 Due to the evolving
field of radiology and the state-of-the-art CT and
MRI machines, acquiring precise structural layout
for 3DP is accessible. The main idea is to obtain
13
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multiple reconstructed images in different planes
and then fuse them together to acquire a 3D
model on a computer that will transfer it to a 3D
machine and applies it.120 In 1999, D’Urso et al.49
were the first to publish data about the use of 3DP
in the spine field. 3DP also invaded the implant
manufacturing area. Specific implants designed to
be installed in specific spine parts perfectly designed
for each patient allow for a better fit and better
bone-implant integration. Several authors reported
positive outcomes with 3DP implants.197,44,125
Producing individualized implants for patients is
a state-of-the-art process, where patients receive a
specific implant designed for them, thus improving
the alignment and biomechanics process with
no excessive stress of strain on the implant or
the adjacent spinal segments.198 Ti alloy powder
is melted by laser processing, and the printed Ti
porous cage is manufactured to enable osseous
incorporation. 87 Animal studies have proved
rapid bone incorporation using porous 3DP Ti
cages194, which showed high biocompatibility and
osseointegration and have potential clinical value
as implants.114 Arts et al.12 found that patients
managed with 3DP porous Ti cages had improved
NDI, and the results were similar to PEEK cages
and autografts. Fusion rates were superior at 6
months for the 3DP porous Ti cages. Literature
has proved that bony fusion is an ongoing process
and nearly 70% to 90% of surgeries achieve total
fusion; however, 30% of spinal fusion surgeries
may result in pseudoarthrosis. 3DP porous Ti
cages achieved 89% fusion at 6 months. Rapid
fusion may change the way we react to traditional
PEEK cages.112,12 Finally, the suitable bearing-load
surface interaction between 3DP implants and
adjacent segments of the spine is hypothesized to
reduce the rate of pseudoarthrosis, subsidence, and
ASD.168 Manufacturing of individualized cervical
fusion cages using specific patients data was
proposed by Spetzger et al.168 and they reported
that the improved load-bearing surface will lower
the rate of implant dislocation and subsidence.
Since ACDF procedures are widely accepted,
research and innovations have concentrated on
14

improving and simplifying the fusion part of this
procedure, in turn improving its outcome and
decreasing its drawbacks. There is a large array
of technological and biomechanical advances of
many of these devices offering a great number of
options in the armamentarium of spinal surgeons
(Figure 3).
Increasing the surface roughness of Ti alloy
through plasma beam and electron spray technique
proved to promote early osteointegration and thus
fusion.148 Improved bioactivity of Ti in combination
with elastic modulus and radiolucency of PEEK is
represented in composite space such as Combo®
cage (A-SPINE Asia, Taiwan), combined PEEK
body with Ti-endplate. Data in the literature
documenting the efficacy of the spacers is sparse.135
Research has explored the development of an
absorbable design using polylactic acid (PLLA)
polyglycolic acid (PGLA) copolymers and
poly(L-lactidecoD, L-lactide). Theoretically,
these exhibit immediate necessary rigidity and
gradual degradation promoting bone formation
and arthrodesis and at the same time improving
radiological assessment; however, they are not as
effective as a standalone device.28
An in vitro biomechanical testing study showed
that absorbable cages demonstrated equal or
superior properties and may be a viable alternative
to metallic cages. They also recommended in
vivo studies.144,101Another in vivo research using
a bioabsorbable polylactide implant in an ovine
model to validate tissue reaction reported that
fusion was achieved in an animal model without
collapse, extrusion, or adverse tissue reaction.183
Several cervical cages offered by the 3DP
technology mimic the anatomy of the disc,
whereas the size and design of the cages are
adapted to the average shape and sizes of patients’
disc. The philosophy is adapting the implant anatomy
to the patients’ individual anatomy and not adapt
patients’ anatomy to the available implant.169 Additive
manufacturing (AM) is a powerful new industrial
tool and, according to ASTM F42 Committee, is
defined as “the process that allows the realization
of artifacts from a 3D virtual model, realized by
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overlapping of layers fused between them (layer by
layer).” With this technology, we can create cages
with controlled porosity with a solid part that is
characterized by high purity and rough surface
enhancing osteointegration.153 A biomechanical
experimental study demonstrated 3 different
cages (standard PEEK cage and two innovative
Ti alloys made by electron beam melting (EBM)
technology by MT Ortho) subjected to static
compression test with encouraging results. It
showed that mechanical and functional failure
of the innovative cages occurred due to the load
value greater than the physiological one of the
cervical spine.153
A different array of standalone cages was
evaluated as follows:45 a composite Ti/PEEK
integral fixation cages which offered efficacy in
ACDF procedures,145 another standalone system;
Zero-P cervical cage with a zero-profile plate and
Ti cages with promising clinical results;159 the
ROI-C cage (LDR Medical, France), one of the
devices developed to increase immediate spinal
stability and avoid anterior plating and iliac crest
bone grafting;74 zero-profile cages made of PEEK
with VerteBRIDGETM double anchoring system
and self-locking plate (Figures 4 and 5).
Novel osteoinductive ceramic implants have antiinfective properties, higher fracture resistance,
and semiradiolucent with promising results in
spine fusion surgeries. However, there were no
enough published data to support their use78,10,72,188
A transition metal, when pretreated with heat
and alkali, had shown better osseointegraton.100
Sinclair et al. had great bone volumes in the animal
model study over the standard PEEK implants.165
Tantalum implants showed osseointegration
results similar to carbon fiber reinforced PEEK.207
Nitinol alloy, a half nickel and half Ti alloy, has a
superelastic property and is mainly used in motionpreserving implants.177 Theoretical advancements
for bioabsorbable cages, novel state-of-the-art
implants, have been proposed to reduce the effects
related to stress shielding and implant radiological
drawbacks.144
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Figure 3. 3D-printed cages. (A) Titanium-C cervical
cage, Strykers. (B) A MATRIXX 3D-printed cervical
interbody cage (photo via Nexxt Spine). (C) Tigershark-C, ChoiceSpine™. (D) EIT Cellular Titanium
cervical cage. (E) TirboLOX, Titanium Reinforced
Bone cages, Captiva Spine. (F) Cervical interbody
fusion cage, CeSPACE® 3D, Aesculap®, Germany.

Figure 4. Self-locking cages. (A) The Zero-P implant,
Synthes GmbH Switzerland (Oberdorf, Switzerland).
(B) The NEXXT MATRIXX® Standalone Cervical
System. (C) CoreLink F3D-C2 standlone Cervical
Spine System. (D) ROI-C Cervical Cage. (E) Scorpn
II cervical cages, zero-profile Shanghai Reach Medical
Instrument CO., Ltd. (F) Redmond (A-Spine, Asia,
Taiwan, China).

Figure 5. Self-locking cages. (A) HiJAK AC Expandable
Cervical Interbody Fusion Device (IBFD), Atlas Spine,
Inc. (B) HiJAK SA Expandable Cervical Standalone
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Interbody system with low-profile plate, Atlas Spine,
Inc. (C) 3D Printed Non-Screw Based Cervical
Standalone Cage, Genesys Spine. (D) Aero-C, Anterior
Cervical Interbody and Fixation System, Aerofoil™,
Stryker.

CONCLUSION
ACDF is a well-established surgical technique
in the management of cervical spondylotic
radiculopathy and/or myelopathy. Large numbers
of cervical cages with different shapes, designs,
and compositions are available in the market with
generally satisfactory clinical and radiological
outcomes. Spinal surgeons should be aware of
available cervical cages and chose the most suitable
to their patient’s medical and socioeconomic
status. 3DP, AM, and EMB have the potentials of
improving load-bearing surface, lowering the rates
of cage dislocation and subsidence, and enhancing
osteointegration. Composite cages, self-locking
cages, and absorbable cages are fairly introduced
cages and still under evaluation. Future trends in
cage manufacturing will be individualized forms
and shapes adapted to the patient’s anatomical
features using modern computer-based simulation.
Multicenter long-term prospective randomized
controlled trials are warranted for obtaining firstclass evidence-based medical data on ACDF.

REFERENCE
1.

2.

16

Abbott A, Halvorsen M, Dedering Å: Is
there a need for cervical collar usage post
anterior cervical decompression and fusion
using interbody cages? A randomized
controlled pilot trial. Physiother Theory
Pract29(4):290–300, 2013
Abd-Alrahman N, Dokmak AS, AbouMadawi A: Anterior cervical discectomy
(ACD) versus anterior cervical fusion (ACF),
clinical and radiological outcome study. Acta
Neurochir (Wien) 141(10):1089–1092, 1999

3.

Abou-Madawi A: Brachial Neuralgia; clinical,
radiological, and electrophysiological study.
Alexandria Univ, 1989

4.

Abou-Madawi A: Evaluation of anterior
cervical microdiscectomy with or without
bone grafting in cervical disc diseases. Suez
Canal Univ, 1996

5.

Abou Madawi A, Powell M, Crockard HA:
Biocompatible osteoconductive polymer
versus iliac graft: a prospective comparative
study for the evaluation of fusion pattern after
anterior cervical discectomy. Spine (Phila Pa
1976) 21(18):2123–2129, 1996

6.

Ahn JS, Lee JK, Kim JH: Comparative study
of clinical outcomes of anterior cervical
discectomy and fusion using autobone graft
or cage with bone substitute. Asian Spine J
5(3):169, 2011

7.

Akula M, Taha M, Mathew B, O’Reilly
G: The plate cage Benezech implant as an
alternative to autologous bone graft in the
treatment of cervical spondylosis: clinical
and functional outcome. Br J Neurosurg
22(4):542–545, 2008

8.

Alhashash M, Shousha M, Boehm H:
Adjacent segment disease after cervical spine
fusion: evaluation of a 70 patient long-term
follow-up. Spine (Phila Pa 1976) 43(9):605–
609, 2018

9.

An HS, Simpson JM, Glover JM, Stephany
J: Comparison between allograft plus
demineralized bone matrix versus autograft
in anterior cervical fusion| a prospective
multicenter study. Spine (Phila Pa 1976)
20(20):2211–2216, 1995

10. Anderson MC, Olsen R: Bone ingrowth into
porous silicon nitride. J Biomed Mater Res
Part A An Off J Soc Biomater Japanese Soc
Biomater Aust Soc Biomater Korean Soc
Biomater 92(4):1598–1605, 2010
11. Arnold PM, Sasso RC, Janssen ME, Fehlings
MG, Smucker JD, Vaccaro AR, et al: Efficacy
of i-factor bone graft versus autograft in

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
anterior cervical discectomy and fusion:
results of the prospective, randomized,
single-blinded food and drug administration
investigational device exemption study. Spine
(Phila Pa 1976) 41(13):1075–1083, 2016
12. Arts M, Torensma B, Wolfs J: Porous
titanium cervical interbody fusion device
in the treatment of degenerative cervical
radiculopathy; 1-year results of a prospective
controlled trial. Spine J, 2020
13. Aunoble S, Clément D, Frayssinet P, Harmand
MF, Le Huec JC: Biological performance of
a new β‐TCP/PLLA composite material for
applications in spine surgery: In vitro and in
vivo studies. J Biomed Mater Res Part A An
Off J Soc Biomater Japanese Soc Biomater
Aust Soc Biomater Korean Soc Biomater
78(2):416–422, 2006
14. Bailey RW, Badgley CE: Stabilization of
the cervical spine by anterior fusion. JBJS.
42(4):565–624, 1960
15. Bal BS, Rahaman MN: Orthopedic
applications of silicon nitride ceramics. Acta
Biomater 8(8):2889–2898, 2012
16. Baraliakos X, Boehm H, Bahrami R, Samir
A, Schett G, Luber M, et al: What constitutes
the fat signal detected by MRI in the spine
of patients with ankylosing spondylitis? A
prospective study based on biopsies obtained
during planned spinal osteotomy to correct
hyperkyphosis or spinal stenosis. Ann Rheum
Dis 78(9):1220–1225, 2019
17. Barry CJ, Smith D, Lennarson P, Jermeland
J, Darling W, Stierman L, et al: The effect
of wearing a restrictive neck brace on driver
performance. Neurosurgery 53(1):98–102,
2003
18. Bartels RHMA, Donk RD, Feuth T:
Subsidence of stand-alone cervical carbon
fiber cages. Neurosurgery 58(3):502–508,
2006

Egy Spine J - Volume 35 - July 2020

19. Barth E, Myrvik QM, Wagner W, Gristina
AG: In vitro and in vivo comparative
colonization of Staphylococcus aureus and
Staphylococcus epidermidis on orthopaedic
implant materials. Biomaterials 10(5):325–
328, 1989
20. Baskin DS, Ryan P, Sonntag V, Westmark R,
Widmayer MA: A prospective, randomized,
controlled cervical fusion study using
recombinant human bone morphogenetic
protein-2 with the CORNERSTONESRTM allograft ring and the ATLANTISTM
anterior cervical plate. Spine (Phila Pa 1976)
28(12):1219–1224, 2003
21. Berbari EF, Kanj SS, Kowalski TJ, Darouiche
RO, Widmer AF, Schmitt SK, et al: 2015
Infectious Diseases Society of America
(IDSA) Clinical Practice Guidelines for the
Diagnosis and Treatment of Native Vertebral
Osteomyelitis in Adultsa. Clin Infect Dis
61(6):e26–46, 2015
22. Bible JE, Biswas D, Whang PG, Simpson
AK, Rechtine GR, Grauer JN: Postoperative
bracing after spine surgery for degenerative
conditions: a questionnaire study. Spine J
9(4):309–316, 2009
23. Binch ALA, Cole AA, Breakwell LM,
Michael ALR, Chiverton N, Creemers LB,
et al: Nerves are more abundant than blood
vessels in the degenerate human intervertebral
disc. Arthritis Res Ther 17(1):370, 2015
24. Bishop RC, Moore KA, Hadley MN:
Anterior cervical interbody fusion using
autogeneic and allogeneic bone graft
substrate: a prospective comparative analysis.
J Neurosurg 85(2):206–210, 1996
25. Bohlman H, Emery S, Goodfellow D, Jones
P: Robinson anterior cervical discectomy and
arthrodesis for cervical. J Bone Jt Surg Am
75:1298–1307, 1993
26. Börm W, Seitz K: Use of cervical stand-alone
cages. Eur Spine J 13(5):474–475, 2004
17

The

EGYPTIAN SPINE
Journal
27. Brantigan JW, Steffee AD, Geiger JM: A
carbon fiber implant to aid interbody lumbar
fusion. Mechanical testing. Spine (Phila Pa
1976) 16(6 Suppl):S277-82, 1991
28. Brenke C, Kindling S, Scharf J, Schmieder K,
Barth M: Short-term experience with a new
absorbable composite cage (β-Tricalcium
Phosphate–Polylactic Acid) in patients after
stand-alone anterior cervical discectomy and
fusion. Spine (Phila Pa 1976) 38(11):E635–40,
2013, doi:10.1097/brs.0b013e31828d65bb
29. Brisby H: Pathology and possible
mechanisms of nervous system response to
disc degeneration. JBJS 88(suppl_2):68–71,
2006
30. Buchowski JM, Liu G, Bunmaprasert T,
Rose PS, Riew KD: Anterior cervical fusion
assessment: surgical exploration versus
radiographic evaluation. Spine (Phila Pa
1976) 33(11):1185–1191, 2008
31. Buckwalter JA: Intervertebral disk aging,
degeneration, and herniation. Orthop basic
Sci, 2000
32. Burkhardt BW, Müller SJ, Wagner A-C,
Oertel JM: Anterior cervical spine surgery
for the treatment of subaxial cervical
spondylodiscitis: a report of 30 consecutive
patients. Neurosurg Focus 46(1):E6, 2019
33. Buttermann GR: Prospective nonrandomized
comparison of an allograft with bone
morphogenic protein versus an iliac-crest
autograft in anterior cervical discectomy and
fusion. Spine J 8(3):426–435, 2008
34. Cabraja M, Oezdemir S, Koeppen D,
Kroppenstedt S: Anterior cervical discectomy
and fusion: comparison of titanium
and polyetheretherketone cages. BMC
Musculoskelet Disord 13(1):172, 2012
35. Campbell MJ, Carreon LY, Traynelis V,
Anderson PA: Use of cervical collar after
single-level anterior cervical fusion with
plate: is it necessary? Spine (Phila Pa 1976)
34(1):43–48, 2009
18

36. Cauthen JC, Kinard RE, Vogler JB, Jackson
DE, DePaz OB, Hunter OL, et al: Outcome
analysis of noninstrumented anterior cervical
discectomy and interbody fusion in 348
patients. Spine (Phila Pa 1976) 23(2):188–
192, 1998
37. Chang-Jung C, Yi-Jie K, Yueh-Feng C, Rau
G, Yang-Hwei T: Anterior cervical fusion
using a polyetheretherketone cage containing
a bovine xenograftp: three to five-year followup. Spine (Phila Pa 1976) 33(23):2428–2524,
2008
38. Chang H-K, Chang C-C, Tu T-H, Wu J-C,
Huang W-C, Fay L-Y, et al: Can segmental
mobility be increased by cervical arthroplasty?
Neurosurg Focus 42(2):E3, 2017
39. Chen Y, Wang X, Lu X, Yang L, Yang H,
Yuan W, et al: Comparison of titanium and
polyetheretherketone (PEEK) cages in the
surgical treatment of multilevel cervical
spondylotic myelopathy: a prospective,
randomized, control study with over 7-year
follow-up. Eur Spine J 22(7):1539–1546,
2013
40. Cheng C-C, Ordway NR, Zhang X, Lu
Y-M, Fang H, Fayyazi AH: Loss of cervical
endplate integrity following minimal
surface preparation. Spine (Phila Pa 1976)
32(17):1852–1855, 2007
41. Chong E, Pelletier MH, Mobbs RJ, Walsh
WR: The design evolution of interbody cages
in anterior cervical discectomy and fusion:
a systematic review. BMC Musculoskelet
Disord 16(1):99, 2015
42. Chou Y-C, Chen D-C, Hsieh WA, Chen W-F,
Yen P-S, Harnod T, et al: Efficacy of anterior
cervical fusion: comparison of titanium
cages, polyetheretherketone (PEEK) cages
and autogenous bone grafts. J Clin Neurosci
15(11):1240–1245, 2008

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
43. Chow DHK, Luk KDK, Evans JH, Leong
JCY: Effects of short anterior lumbar
interbody fusion on biomechanics of
neighboring unfused segments. Spine (Phila
Pa 1976) 21(5):549–555, 1996
44. Choy WJ, Mobbs RJ, Wilcox B, Phan S,
Phan K, Sutterlin III CE: Reconstruction
of thoracic spine using a personalized
3D-printed vertebral body in adolescent with
T9 primary bone tumor. World Neurosurg
105:1032-e13, 2017
45. Choy WJ, Parr WCH, Phan K, Walsh WR,
Mobbs RJ: 3-dimensional printing for anterior
cervical surgery: a review. J spine Surg (Hong
Kong) 4(4):757–769, 2018, https://pubmed.
ncbi.nlm.nih.gov/30714008
46. Chung J-Y, Kim S-K, Jung S-T, Lee K-B:
Clinical adjacent-segment pathology after
anterior cervical discectomy and fusion:
results after a minimum of 10-year follow-up.
Spine J 14(10):2290–2298, 2014
47. Cloward RB. The anterior approach for
removal of ruptured cervical disks. J
Neurosurg 15(6):602–617, 1958
48. Curry Jr WT, Hoh BL, Amin-Hanjani S,
Eskandar EN: Spinal epidural abscess:
clinical presentation, management, and
outcome. Surg Neurol 63(4):364–371, 2005
49. D’Urso PS, Askin G, Earwaker JS, Merry
GS, Thompson RG, Barker TM, et al:
Spinal biomodeling. Spine (Phila Pa 1976)
24(12):1247–1251, 1999
50. Dai L-Y, Jiang L-S: Anterior cervical fusion
with interbody cage containing β-tricalcium
phosphate augmented with plate fixation: a
prospective randomized study with 2-year
follow-up. Eur spine J 17(5):698–705, 2008
51. Debusscher F, Aunoble S, Alsawad Y,
Clement D, Le Huec J-C: Anterior cervical
fusion with a bio-resorbable composite cage
(beta TCP–PLLA): clinical and radiological
results from a prospective study on 20
patients. Eur Spine J 18(9):1314–1320, 2009

Egy Spine J - Volume 35 - July 2020

52. Demetriades AK, Tessitore E: External
cervical orthosis (hard collar) after ACDF:
have we moved forward? Acta Neurochir
(Wien) 162(2):327–328, 2020
53. Demircan MN, Kutlay AM, Colak A, Kaya
S, Tekin T, Kıbıcı K, et al: Multilevel cervical
fusion without plates, screws or autogenous
iliac crest bone graft. J Clin Neurosci
14(8):723–728, 2007
54. Dixon M, O’Halloran J, Cummins
NM: Biomechanical analysis of spinal
immobilisation during prehospital
extrication: a proof of concept study. Emerg
Med J 31(9):745–749, 2014
55. Epstein NE: How much medicine do spine
surgeons need to know to better select and
care for patients? Surg Neurol Int 3(Suppl
5):S329, 2012
56. Epstein NE: Efficacy of posterior cervical
fusions utilizing an artificial bone graft
expander, beta tricalcium phosphate. Surg
Neurol Int 2, 2011
57. Epstein NE: Preliminary documentation
of the comparable efficacy of vitoss versus
NanOss bioactive as bone graft expanders
for posterior cervical fusion. Surg Neurol Int
6(Suppl 4):S164, 2015
58. Fay L-Y, Huang W-C, Tsai T-Y, Wu J-C,
Ko C-C, Tu T-H, et al: Differences between
arthroplasty and anterior cervical fusion in
two-level cervical degenerative disc disease.
Eur Spine J 23(3):627–634, 2014
59. Fayazi AH, Ludwig SC, Dabbah M, Butler
RB, Gelb DE: Preliminary results of staged
anterior debridement and reconstruction
using titanium mesh cages in the treatment of
thoracolumbar vertebral osteomyelitis. Spine
J 4(4):388–395, 2004
60. Feng C, Liu H, Yang M, Zhang Y, Huang B,
Zhou Y: Disc cell senescence in intervertebral
disc degeneration: causes and molecular
pathways. Cell Cycle 15(13):1674–1684,
2016
19

The

EGYPTIAN SPINE
Journal
61. Feng S-W, Chang M-C, Chou P-H, Lin H-H,
Wang S-T, Liu C-L: Implantation of an
empty polyetheretherketone cage in anterior
cervical discectomy and fusion: a prospective
randomised controlled study with 2 years
follow-up. Eur Spine J 27(6):1358–1364,
2018
62. Feng Y, Egan B, Wang J: Genetic factors in
intervertebral disc degeneration. Genes Dis
3(3):178–185, 2016
63. Fengbin Y, Jinhao M, Xinyuan L, Xinwei
W, Yu C, Deyu C: Evaluation of a new type
of titanium mesh cage versus the traditional
titanium mesh cage for single-level, anterior
cervical corpectomy and fusion. Eur Spine J
22(12):2891–2896, 2013
64. Ferrara LA: The biomechanics of cervical
spondylosis. Adv Orthop, 2012
65. Fraser JF, Härtl R: Anterior approaches to
fusion of the cervical spine: a metaanalysis
of fusion rates. J Neurosurg Spine 6(4):298–
303, 2007
66. Galbusera F, Bellini CM, Anasetti F,
Ciavarro C, Lovi A, Brayda-Bruno M: Rigid
and flexible spinal stabilization devices: a
biomechanical comparison. Med Eng Phys
33(4):490–496, 2011
67. García‐Cosamalón J, Del Valle ME, Calavia
MG, García‐Suárez O, López‐Muñiz A,
Otero J, et al: Intervertebral disc, sensory
nerves and neurotrophins: who is who in
discogenic pain? J Anat 217(1):1–15, 2010

70. Gore DR, SEPIC SB: Anterior cervical
fusion for degenerated or protruded discs:
a review of one hundred forty-six patients.
Spine (Phila Pa 1976) 9(7):667–671, 1984
71. Gore DR, Sepic SB, Gardner GM:
Roentgenographic findings of the cervical
spine in asymptomatic people. Spine (Phila
Pa 1976) 11(6):521–524, 1986
72. Gorth DJ, Puckett S, Ercan B, Webster TJ,
Rahaman M, Bal BS: Decreased bacteria
activity on Si3N4 surfaces compared with
PEEK or titanium. Int J Nanomedicine
7:4829, 2012
73. Grasso G: Clinical and radiological features
of hybrid surgery in multilevel cervical
degenerative disc disease. Eur Spine J
24(7):842–848, 2015
74. Grasso G, Giambartino F, Tomasello G,
Iacopino G: Anterior cervical discectomy
and fusion with ROI-C peek cage: cervical
alignment and patient outcomes. Eur Spine J
23(S6):650–657, 2014, doi:10.1007/s00586014-3553-y
75. De Groot K, Geesink R, Klein C, Serekian P:
Plasma sprayed coatings of hydroxylapatite.
J Biomed Mater Res 21(12):1375–1381, 1987
76. Gross BC, Erkal JL, Lockwood SY, Chen C,
Spence DM: Evaluation of 3D printing and
its potential impact on biotechnology and the
chemical sciences. ACS Publications, 2014

68. GD Cramer DS: Basic and clinical anatomy
of the spine spinal cord and ANS, ed 2.
Missouri Mosby, 2005, pp 142–209

77. Grunhagen T, Shirazi-Adl A, Fairbank JCT,
Urban JPG: Intervertebral disk nutrition: a
review of factors influencing concentrations
of nutrients and metabolites. Orthop Clin
42(4):465–477, 2011

69. Goffin J, Van FC, Plets C: Long-term
results after anterior cervical fusion and
osteosynthetic stabilization for fractures and/
or dislocations of the cervical spine. J Spinal
Disord 8(6):500–508, 1995

78. Guedes e Silva CC, König Jr B, Carbonari
MJ, Yoshimoto M, Allegrini Jr S, Bressiani
JC: Tissue response around silicon nitride
implants in rabbits. J Biomed Mater Res Part
A 84(2):337–343, 2008

20

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
79. Guo G-M, Li J, Diao Q-X, Zhu T-H, Song
Z-X, Guo Y-Y, et al: Cervical lordosis in
asymptomatic individuals: a meta-analysis. J
Orthop Surg Res 13(1):1–7, 2018

87. Heary RF, Parvathreddy N, Sampath S,
Agarwal N: Elastic modulus in the selection
of interbody implants. J spine Surg 3(2):163,
2017

80. Guth K, Buckland T, Hing KA: Silicon
dissolution from microporous silicon
substituted hydroxyapatite and its effect on
osteoblast behaviour. In: Key Engineering
Materials. Trans Tech Publ, 2006, pp 117–
120

88. Hench LL, Splinter RJ, Allen WC, Greenlee
TK: Bonding mechanisms at the interface of
ceramic prosthetic materials. J Biomed Mater
Res 5(6):117–141, 1971

81. Habba H, Abou-Madawi A, AlQazaz M,
Moustafa M: Patterns of Spinal Fusion after
Anterior Cervical Discectomy and Fusion
with Polyether Ether Ketone Cage Filled
Hydroxyapatite. Egypt Spine J 29(1):2–11,
2019
82. Hahnel S, Wieser A, Lang R, Rosentritt M:
Biofilm formation on the surface of modern
implant abutment materials. Clin Oral
Implants Res 26(11):1297–1301, 2015
83. Hakało J, Wroński J, Ciupik L: Subsidence
and its effect on the anterior plate stabilization
in the course of cervical spondylodesis. Part
I: definition and review of literature. Neurol
Neurochir Pol 37(4):903, 2003
84. Han C-M, Lee E-J, Kim H-E, Koh Y-H, Kim
KN, Ha Y, et al: The electron beam deposition
of titanium on polyetheretherketone (PEEK)
and the resulting enhanced biological
properties. Biomaterials 31(13):3465–3470,
2010
85. Hankinson HL, Wilson CB: Use of the
operating microscope in anterior cervical
discectomy without fusion. J Neurosurg
43(4):452–456, 1975
86. Hansen MA, Kim HJ, Van Alstyne EM,
Skelly AC, Fehlings MG: Does postsurgical
cervical deformity affect the risk of cervical
adjacent segment pathology? A systematic
review. Spine (Phila Pa 1976) 37:S75–84,
2012

Egy Spine J - Volume 35 - July 2020

89. Hilibrand AS, Carlson GD, Palumbo MA,
Jones PK, Bohlman HH: Radiculopathy and
myelopathy at segments adjacent to the site
of a previous anterior cervical arthrodesis.
JBJS 81(4):519–528, 1999
90. Hilibrand AS, Fye MA, Emery SE, Palumbo
MA, Bohlman HH: Impact of smoking on the
outcome of anterior cervical arthrodesis with
interbody or strut-grafting. JBJS 83(5):668–
673, 2001
91. Hilibrand AS, Fye MA, Emery SE, Palumbo
MA, Bohlman HH: Increased rate of
arthrodesis with strut grafting after multilevel
anterior cervical decompression. Spine (Phila
Pa 1976) 27(2):146–151, 2002
92. Hull C, Feygin M, Baron Y, Sanders R, Sachs
E, Lightman A, et al: Rapid prototyping:
current technology and future potential.
Rapid Prototyp J, 1995
93. Hutter CG: Posterior intervertebral body
fusion. A 25-year study. Clin Orthop Relat
Res 179:86–96, 1983
94. Igarashi H, Hoshino M, Omori K, Matsuzaki
H, Nemoto Y, Tsuruta T, et al: Factors
influencing interbody cage subsidence
following anterior cervical discectomy and
fusion. Clin spine Surg 32(7):297–302, 2019
95. Inami S, Shiga T, Tsujino A, Yabuki T,
Okado N, Ochiai N: Immunohistochemical
demonstration of nerve fibers in the synovial
fold of the human cervical facet joint. J
Orthop Res 19(4):593–596, 2001
96. Jagannathan J, Shaffrey CI, Oskouian RJ,
Dumont AS, Herrold C, Sansur CA, et al:
Radiographic and clinical outcomes following
21

The

EGYPTIAN SPINE
Journal
single-level anterior cervical discectomy and
allograft fusion without plate placement or
cervical collar. J Neurosurg Spine 8(5):420–
428, 2008
97. Jenis LG, Banco RJ: Efficacy of silicatesubstituted calcium phosphate ceramic in
posterolateral instrumented lumbar fusion.
Spine (Phila Pa 1976) 35(20):E1058–E1063,
2010
98. Kadam A, Millhouse PW, Kepler CK,
Radcliff KE, Fehlings MG, Janssen ME, et
al: Bone substitutes and expanders in spine
surgery: a review of their fusion efficacies. Int
J spine Surg 10, 2016
99. Kao T-H, Wu C-H, Chou Y-C, Chen H-T,
Chen W-H, Tsou H-K: Risk factors for
subsidence in anterior cervical fusion with
stand-alone polyetheretherketone (PEEK)
cages: a review of 82 cases and 182 levels.
Arch Orthop Trauma Surg 134(10):1343–
1351, 2014
100. Kato H, Nakamura T, Nishiguchi S, Matsusue
Y, Kobayashi M, Miyazaki T, et al: Bonding
of alkali‐and heat‐treated tantalum implants
to bone. J Biomed Mater Res An Off J Soc
Biomater Japanese Soc Biomater Aust Soc
Biomater Korean Soc Biomater 53(1):28–35,
2000
101. Kauth T, Hopmann C, Kujat B, Bach FW,
Welke B, Hurschler C, et al: Mechanical
testing of an absorbable hybrid fusion cage
for the cervical spine. Biomed Tech Eng
57(5), 2012, doi:10.1515/bmt-2012-0001
102. Kim HJ, Kelly MP, Ely CG, Riew KD, Dettori
JR: The risk of adjacent-level ossification
development after surgery in the cervical
spine: are there factors that affect the risk?
A systematic review. Spine (Phila Pa 1976)
37:S65–74, 2012
103. Kirzner N, Etherington G, Ton L, Chan P,
Paul E, Liew S, et al: Relationship between
facet joint distraction during anterior cervical
22

discectomy and fusion for trauma and
functional outcome. Bone Jt J 100(9):1201–
1207, 2018
104. Kolb JC, Summers RL, Galli RL: Cervical
collar-induced changes in intracranial
pressure. Am J Emerg Med 17(2):135–137,
1999
105. Kotsias A, Mularski S, Kühn B, Hanna M,
Suess O: Does partial coating with titanium
improve the radiographic fusion rate of
empty PEEK cages in cervical spine surgery?
A comparative analysis of clinical data.
Patient Saf Surg 11(1):1–9, 2017
106. Kuklo TR, Potter BK, Bell RS, Moquin
RR, Rosner MK: Single-stage treatment of
pyogenic spinal infection with titanium mesh
cages. Clin Spine Surg 19(5):376–382, 2006
107. Kulkarni V, Rajshekhar V, Raghuram L:
Accelerated spondylotic changes adjacent to
the fused segment following central cervical
corpectomy: magnetic resonance imaging
study evidence. J Neurosurg Spine 100(1):2–
6, 2004
108. Kwon B, Jenis LG: Carrier materials for
spinal fusion. Spine J 5(6):S224–S230, 2005
109. Kwon BK, Song F, Morrison WB, Grauer JN,
Beiner JM, Vaccaro AR, et al: Morphologic
evaluation of cervical spine anatomy with
computed tomography: anterior cervical
plate fixation considerations. Clin Spine Surg
17(2):102–107, 2004
110. Lador R, Ben-Galim P, Hipp JA: Motion
within the unstable cervical spine during
patient maneuvering: the neck pivot-shift
phenomenon. J Trauma Acute Care Surg
70(1):247–251, 2011
111. Lauretti WJ: The Safety and Effectiveness
of Common Treatments for Whiplash. In:
Whiplash. Elsevier, 2012, pp 169–178
112. Lee C, Dorcil J, Radomisli TE: Nonunion
of the spine: a review. Clin Orthop Relat Res
419:71–75, 2004

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
113. Lee D-H, Cho JH, Hwang CJ, Lee CS,
Cho SK, Kim C, et al: What is the fate of
pseudarthrosis detected 1 year after anterior
cervical discectomy and fusion? Spine (Phila
Pa 1976) 43(1):E23–E28, 2018
114. Li P, Jiang W, Yan J, Hu K, Han Z, Wang B, et
al: A novel 3D printed cage with microporous
structure and in vivo fusion function. J
Biomed Mater Res Part A 107(7):1386–1392,
2019
115. Li Z, Wang Y, Xu G, Tian P: Is PEEK
cage better than titanium cage in anterior
cervical discectomy and fusion surgery? A
meta-analysis. BMC Musculoskelet Disord
17(1):379, 2016
116. Lin A, Wang CJ, Kelly J, Gubbi P,
Nishimura I: The role of titanium implant
surface modification with hydroxyapatite
nanoparticles in progressive early boneimplant fixation in vivo. Int J Oral Maxillofac
Implants 24(5), 2009
117. Lin W, Ha A, Boddapati V, Yuan W, Riew
KD: Diagnosing pseudoarthrosis after
anterior cervical discectomy and fusion.
Neurospine 15(3):194, 2018
118. Lowery GL, Swank ML, McDonough RF:
Surgical revision for failed anterior cervical
fusions. Articular pillar plating or anterior
revision? Spine (Phila Pa 1976) 20(22):2436–
2441, 1995
119. Machino M, Yukawa Y, Imagama S, Ito K,
Katayama Y, Matsumoto T, et al: Age-related
and degenerative changes in the osseous
anatomy, alignment, and range of motion
of the cervical spine: a comparative study of
radiographic data from 1016 patients with
cervical spondylotic myelopathy and 1230
asymptomatic subjects. Spine (Phila Pa 1976)
41(6):476–482, 2016
120. Malik HH, Darwood ARJ, Shaunak S,
Kulatilake P, Abdulrahman A, Mulki O, et
al: Three-dimensional printing in surgery:
a review of current surgical applications. J
Surg Res 199(2):512–522, 2015

Egy Spine J - Volume 35 - July 2020

121. Mao N, Wu J, Zhang Y, Gu X, Wu Y, Lu
C, et al: A comparison of anterior cervical
corpectomy and fusion combined with
artificial disc replacement and cage fusion in
patients with multilevel cervical spondylotic
myelopathy. Spine (Phila Pa 1976)
40(16):1277–1283, 2015
122. Marotta N, Landi A, Tarantino R, Mancarella
C, Ruggeri A, Delfini R: Five-year outcome
of stand-alone fusion using carbon cages in
cervical disc arthrosis. Eur Spine J 20(1):8–
12, 2011
123. McConnell JR, Freeman BJC, Debnath
UK, Grevitt MP, Prince HG, Webb JK:
A prospective randomized comparison of
coralline hydroxyapatite with autograft in
cervical interbody fusion. Spine (Phila Pa
1976) 28(4):317–323, 2003
124. Mobbs RJ, Chung M, Rao PJ: Bone graft
substitutes for anterior lumbar interbody
fusion. Orthop Surg. 2013;5(2):77–85.
125. Mobbs RJ, Coughlan M, Thompson R,
Sutterlin CE, Phan K. The utility of 3D
printing for surgical planning and patientspecific implant design for complex spinal
pathologies: case report. J Neurosurg Spine
26(4):513–518, 2017
126. Mohammad-Shahi MH, Nikolaou VS,
Giannitsios D, Ouellet J, Jarzem PF: The
effect of angular mismatch between vertebral
endplate and vertebral body replacement
endplate on implant subsidence. Clin Spine
Surg 26(5):268–273, 2013
127. Mondorf Y, Gaab MR, Oertel JMK:
PEEK cage cervical ventral fusion in
spondylodiscitis. Acta Neurochir (Wien)
151(11):1537, 2009
128. Moon HJ, Kim JH, Kim J-H, Kwon T-H,
Chung H-S, Park Y-K: The effects of anterior
cervical discectomy and fusion with standalone cages at two contiguous levels on
cervical alignment and outcomes. Acta
Neurochir (Wien) 153(3):559–565, 2011
23

The

EGYPTIAN SPINE
Journal
129. Muzii VF, Mariottini A, Zalaffi A, Carangelo
BR, Palma L: Cervical spine epidural abscess:
experience with microsurgical treatment in
eight cases. J Neurosurg Spine 5(5):392–397,
2006
130. Nagineni V V, James AR, Alimi M,
Hofstetter C, Shin BJ, Njoku Jr I, et al:
Silicate-substituted calcium phosphate
ceramic bone graft replacement for spinal
fusion procedures. Spine (Phila Pa 1976)
37(20):E1264–E1272, 2012
131. Nerlich AG, Schaaf R, Wälchli B, Boos N:
Temporo-spatial distribution of blood vessels
in human lumbar intervertebral discs. Eur
Spine J 16(4):547–555, 2007
132. Nishiguchi S, Nakamura T, Kobayashi M,
Kim H-M, Miyaji F, Kokubo T: The effect
of heat treatment on bone-bonding ability
of alkali-treated titanium. Biomaterials
20(5):491–500, 1999
133. Noordhoek I, Koning MT, Jacobs WCH,
Vleggeert-Lankamp CLA: Incidence and
clinical relevance of cage subsidence in
anterior cervical discectomy and fusion: a
systematic review. Acta Neurochir (Wien)
160(4):873–880, 2018
134. Oga M, Sugioka Y, Hobgood CD, Gristina
AG, Myrvik QN: Surgical biomaterials and
differential colonization by Staphylococcus
epidermidis. Biomaterials 9(3):285–289,
1988
135. Olivares-Navarrete R, Gittens RA,
Schneider JM, Hyzy SL, Haithcock DA,
Ullrich PF, et al: Osteoblasts exhibit a more
differentiated phenotype and increased
bone morphogenetic protein production on
titanium alloy substrates than on poly-etherether-ketone. Spine J 12(3):265–272, 2012
136. Oshina M, Oshima Y, Tanaka S, Riew KD:
Radiological fusion criteria of postoperative
anterior cervical discectomy and fusion: a
systematic review. Glob spine J 8(7):739–750,
2018
24

137. Overley SC, Merrill RK, Baird EO, Meaike
JJ, Cho SK, Hecht AC, et al: Is cervical
bracing necessary after one-and two-level
instrumented anterior cervical discectomy
and fusion? A prospective randomized study.
Glob spine J 8(1):40–46, 2018
138. Panjabi MM, Chen NC, Shin EK, Wang
J-L: The cortical shell architecture of human
cervical vertebral bodies. Spine (Phila Pa
1976) 26(22):2478–2484, 2001
139. Park H-W, Lee J-K, Moon S-J, Seo S-K, Lee
J-H, Kim S-H: The efficacy of the synthetic
interbody cage and Grafton for anterior
cervical fusion. Spine (Phila Pa 1976)
34(17):E591–E595, 2009
140. Park J-B, Cho Y-S, Riew KD: Development
of adjacent-level ossification in patients with
an anterior cervical plate. JBJS 87(3):558–
563, 2005
141. Patwardhan AG, Khayatzadeh S, Havey RM,
Voronov LI, Smith ZA, Kalmanson O, et al:
Cervical sagittal balance: a biomechanical
perspective can help clinical practice. Eur
Spine J 27(1):25–38, 2018
142. Pelletier MH, Cordaro N, Punjabi VM,
Waites M, Lau A, Walsh WR: PEEK
versus Ti interbody fusion devices: resultant
fusion, bone apposition, initial and 26-week
biomechanics. Clin spine Surg 29(4):E208–
E214, 2016
143. Pereira CE, Lynch JC: Spinal epidural
abscess: an analysis of 24 cases. Surg Neurol
63:S26–S29, 2005
144. Pflugmacher R, Schleicher P, Gumnior
S, Turan O, Scholz M, Eindorf T, et al:
Biomechanical Comparison of Bioabsorbable
Cervical Spine Interbody Fusion Cages. Spine
(Phila Pa 1976) 29(16):1717–1722, 2004,
doi:10.1097/01.brs.0000134565.17078.4c
145. Phan K, Pelletier MH, Rao PJ, Choy WJ,
Walsh WR, Mobbs RJ: Integral Fixation
Titanium/Polyetheretherketone Cages for
Cervical Arthrodesis: Evolution of Cage

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
Design and Early Radiological Outcomes
and Fusion Rates. Orthop Surg 11(1):52–
59, 2019, https://pubmed.ncbi.nlm.nih.
gov/30614216

153. Rosa G La, Clienti C, Mineo R: Experimental
tests on new titanium alloy interbody cervical
cages. Procedia Struct Integr 13:373–378,
2018, doi:10.1016/j.prostr.2018.12.062

146. Phillips FM, Carlson G, Emery SE, Bohlman
HH: Anterior cervical pseudarthrosis: natural
history and treatment. Spine (Phila Pa 1976)
22(14):1585–1589, 1997

154. Ruf M, Stoltze D, Merk HR, Ames M, Harms
J: Treatment of vertebral osteomyelitis by
radical debridement and stabilization using
titanium mesh cages. Spine (Phila Pa 1976)
32(9):E275–E280, 2007

147. Ramakrishna S, Mayer J, Wintermantel
E, Leong KW: Biomedical applications
of polymer-composite materials: a review.
Compos Sci Technol 61(9):1189–1224, 2001
148. Rao PJ, Pelletier MH, Walsh WR, Mobbs
RJ: Spine interbody implants: material
selection and modification, functionalization
and bioactivation of surfaces to improve
osseointegration. Orthop Surg 6(2):81–89,
2014
149. Ricciardi L, Scerrati A, Olivi A, Sturiale CL,
De Bonis P, Montano N: The role of cervical
collar in functional restoration and fusion
after anterior cervical discectomy and fusion
without plating on single or double levels:
a systematic review and meta-analysis. Eur
Spine J 1–6, 2020
150. Roberts S, Caterson B, Menage J, Evans
EH, Jaffray DC, Eisenstein SM: Matrix
metalloproteinases and aggrecanase: their
role in disorders of the human intervertebral
disc. Spine (Phila Pa 1976) 25(23):3005–
3013, 2000
151. Robertson JT, Papadopoulos SM, Traynelis
VC: Assessment of adjacent-segment disease
in patients treated with cervical fusion or
arthroplasty: a prospective 2-year study. J
Neurosurg Spine 3(6):417–423, 2005
152. Rosa AL, Beloti MM: Effect of cpTi surface
roughness on human bone marrow cell
attachment, proliferation, and differentiation.
Braz Dent J 14(1):16–21, 2003

Egy Spine J - Volume 35 - July 2020

155. Sagomonyants KB, Jarman-Smith ML,
Devine JN, Aronow MS, Gronowicz GA:
The in vitro response of human osteoblasts
to polyetheretherketone (PEEK) substrates
compared to commercially pure titanium.
Biomaterials 29(11):1563–1572, 2008
156. Saikia KC, Bhattacharya TD, Bhuyan SK,
Talukdar DJ, Saikia SP, Jitesh P: Calcium
phosphate ceramics as bone graft substitutes
in filling bone tumor defects. Indian J Orthop
42(2):169, 2008
157. Schils F, Rilliet B, Payer M: Implantation of
an empty carbon fiber cage or a tricortical
iliac crest autograft after cervical discectomy
for single-level disc herniation: a prospective
comparative study. J Neurosurg Spine
4(4):292–299, 2006
158. Schimmer RC, Jeanneret C, Nunley PD,
Jeanneret B: Osteomyelitis of the cervical
spine: a potentially dramatic disease. Clin
Spine Surg 15(2):110–117, 2002
159. Scholz M, Schnake KJ, Pingel A, Hoffmann
R, Kandziora F: A new zero-profile implant
for stand-alone anterior cervical interbody
fusion. Clin Orthop Relat Res 469(3):666–
673, 2011, https://pubmed.ncbi.nlm.nih.
gov/20882376
160. Schomacher M, Finger T, Koeppen D, Süss O,
Vajkoczy P, Kroppenstedt S, et al: Application
of titanium and polyetheretherketone cages
in the treatment of pyogenic spondylodiscitis.
Clin Neurol Neurosurg 127:65–70, 2014
25

The

EGYPTIAN SPINE
Journal
161. Seaman S, Kerezoudis P, Bydon M,
Torner JC, Hitchon PW: Titanium vs.
polyetheretherketone (PEEK) interbody
fusion: meta-analysis and review of the
literature. J Clin Neurosci 44:23–29, 2017
162. Sembrano J, Yson S, Santos ER: Comparison
of subsidence rates of large and small
footprint cages in anterior cervical interbody
fusion. Glob Spine J 5(1_suppl):s-0035, 2015
163. Simmons EH, Bhalla SK, Butt WP: Anterior
cervical discectomy and fusion: a clinical and
biomechanical study with eight-year followup. J Bone Joint Surg Br 51(2):225–237, 1969
164. Simmons JW: Posterior lumbar interbody
fusion with posterior elements as chip grafts.
Clin Orthop Relat Res 193:85–89, 1985
165. Sinclair SK, Konz GJ, Dawson JM, Epperson
RT, Bloebaum RD: Host bone response to
polyetheretherketone versus porous tantalum
implants for cervical spinal fusion in a goat
model. Spine (Phila Pa 1976) 37(10):E571–
E580, 2012
166. Smith GW, Robinson RA: The treatment
of certain cervical-spine disorders by
anterior removal of the intervertebral
disc and interbody fusion. J Bone Jt Surg
40(3):607–624, 1958, doi:10.2106/00004623195840030-00009

170. Stein MI, Nayak AN, Gaskins III RB,
Cabezas AF, Santoni BG, Castellvi AE:
Biomechanics of an integrated interbody
device versus ACDF anterior locking plate in
a single-level cervical spine fusion construct.
Spine J 14(1):128–136, 2014
171. Stone MB, Tubridy CM, Curran R: The
effect of rigid cervical collars on internal
jugular vein dimensions. Acad Emerg Med
17(1):100–102, 2010
172. Sugawara T, Itoh Y, Hirano Y, Higashiyama
N, Mizoi K: β-Tricalcium phosphate
promotes bony fusion after anterior cervical
discectomy and fusion using titanium cages.
Spine (Phila Pa 1976) 36(23):E1509–E1514,
2011
173. Suh PB, Puttlitz C, Lewis C, Bal BS,
McGilvray K: The effect of cervical interbody
cage morphology, material composition,
and substrate density on cage subsidence.
JAAOS-Journal Am Acad Orthop Surg
25(2):160–168, 2017
174. Swanson AN, Pappou IP, Cammisa FP,
Girardi FP: Chronic infections of the spine:
surgical indications and treatments. Clin
Orthop Relat Res 444:100–106, 2006

167. Sørensen P: Spinal epidural abscesses:
conservative treatment for selected subgroups
of patients. Br J Neurosurg 17(6):513–518,
2003

175. Takeshima T, Omokawa S, Takaoka T, Araki
M, Ueda Y, Takakura Y: Sagittal alignment
of cervical flexion and extension: lateral
radiographic analysis. Spine (Phila Pa 1976)
27(15):E348–E355, 2002

168. Spetzger U, Frasca M, König SA: Surgical
planning, manufacturing and implantation
of an individualized cervical fusion titanium
cage using patient-specific data. Eur Spine J
25(7):2239–2246, 2016

176. Tang JA, Scheer JK, Smith JS, Acosta
FL, Blonderl B, Bess S, et al: ISSG (2013)
Cervical spine alignment, sagittal deformity,
and clinical implications. J Neurosurg Spine
19:141–159

169. Spetzger U, Koenig A: Individualized threedimensional printed cage for spinal cervical
fusion. Digit Med 3(1):1, 2017, doi:10.4103/
digm.digm_12_17

177. Tarniţă D, Tarniţă DN, Bîzdoacă N, Mîndrilă
I, Vasilescu M: Properties and medical
applications of shape memory alloys. Rom J
Morphol Embryol 50(1):15–21, 2009

26

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
178. Teo AQA, Thomas AC, Hey HWD: Sagittal
alignment of the cervical spine: do we know
enough for successful surgery? J Spine Surg
6(1):124, 2020

187. Webber-Jones JE, Thomas CA, Bordeaux
Jr RE: The management and prevention of
rigid cervical collar complications. Orthop
Nurs 21(4):19–27, 2002

179. Teramoto T, Ohmori K, Takatsu T, Inoue
H, Ishida Y, Suzuki K: Long-term results
of the anterior cervical spondylodesis.
Neurosurgery 35(1):64–68, 1994

188. Webster TJ, Patel AA, Rahaman MN, Bal
BS: Anti-infective and osteointegration
properties of silicon nitride, poly (ether
ether ketone), and titanium implants. Acta
Biomater 8(12):4447–4454, 2012

180. Tewarie RDSN, Bartels RHMA, Peul WC:
Long-term outcome after anterior cervical
discectomy without fusion. Eur Spine J
16(9):1411–1416, 2007
181. Theodore N: Degenerative cer vical
spondylosis. N Engl J Med 383(2):159–168,
2020
182. Theodore N, Ahmed AK, Fulton T, Mousses
S, Yoo C, Goodwin CR, et al: Genetic
predisposition to symptomatic lumbar disk
herniation in pediatric and young adult
patients. Spine (Phila Pa 1976) 44(11):E640–
E649, 2019
183. Thomas KA, Toth JM, Crawford NR, Seim
HB, Shi LL, Harris MB, et al: Bioresorbable
Polylactide Interbody Implants in an Ovine
Anterior Cervical Discectomy and Fusion
Model. Spine (Phila Pa 1976) 33(7):734–742,
2008, doi:10.1097/brs.0b013e3181695716
184. Uhthoff HK, Dubuc FL: Bone structure
changes in the dog under rigid internal
fixation. Clin Orthop Relat Res 81:165–170,
1971
185. Urrutia J, Zamora T, Campos M: Cervical
pyogenic spinal infections: are they more
severe diseases than infections in other
vertebral locations? Eur Spine J 22(12):2815–
2820, 2013
186. Walter J, Kuhn SA, Reichart R, Kalff R, Ewald
C: PEEK cages as a potential alternative in
the treatment of cervical spondylodiscitis: a
preliminary report on a patient series. Eur
Spine J 19(6):1004–1009, 2010

Egy Spine J - Volume 35 - July 2020

189. Wenisch S, Stahl J, Horas U, Heiss C, Kilian
O, Trinkaus K, et al: In vivo mechanisms
of hydroxyapatite ceramic degradation by
osteoclasts: fine structural microscopy. J
Biomed Mater Res Part A An Off J Soc
Biomater Japanese Soc Biomater Aust Soc
Biomater Korean Soc Biomater 67(3):713–
718, 2003
190. Van Der Werf M, Lezuo P, Maissen O, Van
Donkelaar CC, Ito K: Inhibition of vertebral
endplate perfusion results in decreased
intervertebral disc intranuclear diffusive
transport. J Anat 211(6):769–774, 2007
191. Wu J-C: Cervical total disc replacement.
Formos J Surg 47(2):49–52, 2014
192. Wu J-C, Chang H-K, Huang W-C, Chen Y-C:
Risk factors of second surgery for adjacent
segment disease following anterior cervical
discectomy and fusion: a 16-year cohort
study. Int J Surg 68:48–55, 2019
193. Wu J-C, Liu L, Huang W-C, Chen Y-C,
Ko C-C, Wu C-L, et al: The incidence of
adjacent segment disease requiring surgery
after anterior cervical diskectomy and fusion:
estimation using an 11-year comprehensive
nationwide database in Taiwan. Neurosurgery
70(3):594–601, 2012
194. Wu S, Li Y, Zhang Y, Li X, Yuan C, Hao Y, et
al: Porous titanium‐6 aluminum‐4 vanadium
cage has better osseointegration and less
micromotion than a poly‐ether‐ether‐ketone
cage in sheep vertebral fusion. Artif Organs
37(12):E191–E201, 2013
27

The

EGYPTIAN SPINE
Journal
195. Wu X, Liu X, Wei J, Ma J, Deng F, Wei S:
Nano-TiO2/PEEK bioactive composite as a
bone substitute material: in vitro and in vivo
studies. Int J Nanomedicine 7:1215, 2012
196. Xu J, He Y, Wang B, Lv G-H, Li Y, Dai
Y-L, et al: Incidence of Subsidence of 7
intervertebral Devices in Anterior Cervical
Discectomy and Fusion: A Network Metaanalysis. World Neurosurg, 2020
197. Xu N, Wei F, Liu X, Jiang L, Cai H, Li Z, et
al: Reconstruction of the upper cervical spine
using a personalized 3D-printed vertebral
body in an adolescent with Ewing sarcoma.
Spine (Phila Pa 1976) 41(1):E50–E54, 2016
198. Yamagata T, Takami T, Uda T, Ikeda H,
Nagata T, Sakamoto S, et al: Outcomes of
contemporary use of rectangular titanium
stand-alone cages in anterior cervical
discectomy and fusion: cage subsidence
and cervical alignment. J Clin Neurosci
19(12):1673–1678, 2012
199. Yan D, Wang Z, Deng S, Li J, Soo C: Anterior
corpectomy and reconstruction with titanium
mesh cage and dynamic cervical plate for
cervical spondylotic myelopathy in elderly
osteoporosis patients. Arch Orthop Trauma
Surg 131(10):1369, 2011
200. Yang JJ: Subsidence and Nonunion after
Anterior Cervical Interbody Fusion Using a
Stand-Alone Polyetheretherketone (PEEK)
Cage. Neurosurg Rev 32:207–2014, 2009
201. Yang JJ, Yu CH, Chang B-S, Yeom JS, Lee
JH, Lee C-K: Subsidence and nonunion after
anterior cervical interbody fusion using a
stand-alone polyetheretherketone (PEEK)
cage. Clin Orthop Surg 3(1):16–23, 2011

28

202. Yu M, Zhao W-K, Li M, Wang S-B, Sun Y,
Jiang L, et al: Analysis of cervical and global
spine alignment under Roussouly sagittal
classification in Chinese cervical spondylotic
patients and asymptomatic subjects. Eur
Spine J 24(6):1265–1273, 2015
203. Zhou J, Li X, Dong J, Zhou X, Fang T, Lin H,
et al: Three-level anterior cervical discectomy
and fusion with self-locking stand-alone
polyetheretherketone cages. J Clin Neurosci
18(11):1505–1509, 2011
204. Zhou J, Xia Q, Dong J, Li X, Zhou X,
Fang T, et al: Comparison of stand-alone
polyetheretherketone cages and iliac crest
autografts for the treatment of cervical
degenerative disc diseases. Acta Neurochir
(Wien) 153(1):115–122, 2011
205. Zhu B, Xu Y, Liu X, Liu Z, Dang G: Anterior
approach versus posterior approach for the
treatment of multilevel cervical spondylotic
myelopathy: a systemic review and metaanalysis. Eur Spine J 22(7):1583–1593, 2013
206. Zhu MP, Tetreault LA, Sorefan-Mangou F,
Garwood P, Wilson JR: Efficacy, safety, and
economics of bracing after spine surgery: a
systematic review of the literature. Spine J
18(9):1513–1525, 2018
207. Zou X, Li H, Bünger M, Egund N, Lind M,
Bünger C: Bone ingrowth characteristics of
porous tantalum and carbon fiber interbody
devices: an experimental study in pigs. Spine
J 4(1):99–105, 2004

Egy Spine J - Volume 35 - July 2020

The

EGYPTIAN SPINE
Journal
الملخص العربي
أقفاص بين الفقرات العنقية :الماضي والحاضر واالبتكارات واالتجاهات المستقبلية مع مراجعة األدبيات

البيانات الخلفية :اصبحت جراحة استئصال الغضاريف و لحام الفقرات العنقية االمامية هو العالج القياسي لحاالت
امـراض العمـود الفقـري العنقـي التنكسـي .منـذ ادخـال جراحـة اسـتئصال الغضاريف ولحام الفقـرات العنقية االمامية
في الخمسـينيات أصبح لها شـعبية كبيرة واالجراء القياسـي .تم اسـتخدام ترقيع عظم الحرقفي ذاتي المنشـأ للحام
القفـرات ولكـن هـذه الطريقـة لهـا اضـرار وعيـوب كثيـرة ممـا ادي الـي دخـول عالـم جديـد مـن البدائـل المعدنيـة مـع
حشوات مختلفة .يوجد الكثير من التطورات والتحسينات لهذه االقفاص ولكن هناك اثارة لكثير من القضايا الجدلية.

الغرض :مراجعة البيانات و المعلومات المتوفرة عن االقفاص العنقية و الحالة الحدثية لجراحة استئصال الغضاريف
و لحام الفقرات العنقية االمامية باستخدام االقفاص القائمة بذاتها.
تصميم الدراسة :مراجعة االدب السردي

المرضـى والطـرق :قمنـا بمراجعـة األدب اإلنجليـزي للحصـول على أحدث البيانات المتاحة ألقفاص الفقرات العنقية
وأبلغنـا عـن الحالـة الحاليـة لنتائـج جراحـة اسـتئصال الغضاريـف و لحـام الفقـرات العنقيـة االماميـة باسـتخدام أقفـاص
قائمة بذاتها .أجرينا ً
بحثا باستخدام  PubMedو Cochraneو  Google Scholarباستخدام كلمات رئيسية مختلفة
وفقا لهدف دراسـتنا .ركزنا على العناوين الخاصة التي اعتقدنا أنها األكثر
ً
ذات صلة واسـتخلصنا األبحاث األكثر صلة
صلة بالممارسة اليومية لجراح العمود الفقري

النتائج :يتوفر عدد كبير من أقفاص الفرات العنقية ذات األشكال والتصميمات المختلفة لجراحة استئصال الغضاريف
ولحام الفقرات العنقية االمامية يري جراحي العمود الفقري مجموعة كبيرة من أقفاص الفقرات العنقية التي يتم
يوميـا مـن قبـل العديـد مـن المنافسـين الطبييـن الصناعييـن .النتائـج السـريرية واإلشـعاعية مرضيـة للغايـة
تقديمهـا
ً
بشـكل عـام بغـض النظـر عـن نـوع ومـادة األقفـاص المسـتخدمة .يتـم تقييـم أقفـاص الفقـرات العنقيـة المركبـة أو
المطليـة بالتيتانيـوم باإلضافـة إلـى الطباعـة ثالثيـة األبعـاد وأقفاص التيتانيوم المسـامية .أظهـرت األقفاص القائمة
وتطورا كبيرين بنتائج واعدة.
تقدما
بذاتها .ذاتية اإلغالق
ً
ً
الخالصـة :جراحـة اسـتئصال الغضاريـف ولحـام الفقـرات العنقيـة االماميـة هـي تقنية جراحية راسـخة فـي إدارة اعتالل
الجذور الفقارية العنقية و  /أو اعتالل النخاع الشوكي .تتوفر أعداد كبيرة من أقفاص الفقرات العنقية ذات األشكال
والتصاميم والتركيبات المختلفة في السـوق مع نتائج سـريرية وإشـعاعية مرضية بشـكل عام .يجب أن يكون جراحي
العمـود الفقـري علـى درايـة بأقفـاص الفقـرات العنقيـة المتاحـة واختيـار األنسـب لحالـة المريـض الطبيـة واالجتماعيـة
واالقتصادية .تتمتع التكنولوجيا الصناعية الجديدة بإمكانيات تحسين سطح التحمل ،وخلع وهبوط القفص السفلي،
وتحسين االندماج العظمي .أقفاص مركبة ،أقفاص ذاتية الغلق ،أقفاص قابلة لالمتصاص كلها أقفاص تم إدخالها
إلـى حـد مـا وال تـزال قيـد التقييـم .تعـد التجـارب العشـوائية المرتقبـة طويلـة األجـل المرتقبـة متعـددة المراكـز إلزامية
للبيانـات الطبيـة القائمـة علـى األدلـة مـن الدرجـة األولـى فـي جراحـة اسـتئصال الغضاريـف ولحـام الفقـرات العنقيـة
االمامية.
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